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THE OVERALL SPECTRUM OF ASTRONOMICAL RESEARCH 
POSSIBILITIES 

The poss ib  

UTILIZING MANNED EARTH-ORBITAL SPACECRAFT + W i l l i a m  T i f f t  
J. R. G i l l *  
L. Roberts ft+ 

l i t i e s  f o r  manned e a r t h  o r b i t a l  as- 
tronomy a r e  d iscussed  i n  t h r e e  p a r t s .  
Mercury, G e m i n i ,  and f i r s t  phases of t h e  
Apollo programs provide small  i nd iv idua l  ex- 
periment c a p a b i l i t y  which i s  b r i e f l y  reviewed. 
The l a t e r  s t ages  of t h e  Apollo program, 1968- 
1972,  provide g r e a t l y  increased  c a p a b i l i t y  i n  
conjunct ion wi th  i n i t i a l  development of o r b i t -  
i n g  r e sea rch  l a b o r a t o r i e s .  Severa l  major as- 
tronomical missions a r e  poss ib l e  inc lud ing  
high r e s o l u t i o n  s o l a r  and s t e l l a r  inves t iga -  
t i o n s .  These missions should play an impor- 
t a n t  r o l e  i n  planning f o r  a l a r g e  manned 
o r b i t a l  t e l e scope ,  i n  t h e  100 o r  more i n c h  
s i z e  range.  This  l as t  program i s  gene ra l ly  
agreed t o  r ep resen t  one o f  the u l t i m a t e  g o a l s  
of space astronomy. 

The 

INTRODUCTIOX 

Astronomical observa t ions  from manned s p a c e c r a f t  have been 
q u i t e  l i m i t e d  t o  d a t e ,  bu t  t h e  opportuni ty  t o  conduct 
experiments on manned v e h i c l e s  i s  broadening. The expe r i -  
mental  program began wi th  t h e  X-15 a i r p l a n e ,  cont inued i n  a 
l i m i t e d  fash ion  on t h e  Mercury spacec ra f t ,  and i s  expected 
t o  achieve  a broader  base on theup-coming Gemini and Apollo 
E a r t h  O r b i t a l  f l i g h t s .  The Gemini s c i ence  program w i l l  be  
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carried on t e n  manned f l i g h t s  vhich w i l l  start t h i s  spring and con- 

t inue through 1967. The program F r i l l  then u t i l i z e  the g rea t e r  pay- 

load capacity and longer observing periods afforded by the Apollo 

Earth Orb i t a l  missions. 

Since the primary objective of t h e  Mercury program TJas t o  prove 

t h a t  man could t r a v e l  s a fe ly  i n  a spacecraft ,  and that he could play 

a subs t an t i a l  r o l e  i n  control l ing t h a t  spacecraft ,  it folloi,red t h a t  

a minimum of t i m e  and space could be devoted t o  any purely s c i e n t i f i c  

experiments. Nonetheless e fe.’. s c i e n t i s t s  began t o  fornulate  s inple  

experiments o r  tasks  t h a t  could 5e acconplished Trithin the space, 

weight, and time constraints  of the Xercury progrm, and be1;a.n t o  t r y  

t o  i n t e r e s t  the astronauts i n  carrying out these observations. Save 

of the same experimentors, as v e l 1  as new ones, have nov been ab le  t o  

sophis t icate  the o r ig ina l  experiments, or p l an  d i f f e r e n t  ones, f o r  

t h e  Gemini and Apollo E a r t h  Orb i t a l  programs. For a l l  f l i g h t s  t h e  

experimental programs are in t e rd i sc ip l ina ry ,  t h a t  i s ,  they w i l l  i n -  

clu6e t i r e l y  and f eas ib l e  experiments d ra in  fron various Tielde, i n -  

cludiny; biosciences, rieteorology, spece physics, geosciences, and 

astronomy. 

M73RCURY PROGRAM 

Very ea r ly  i n  the Flercury program the astronauts  began t o  cmnent 

on the splendid view from space an6 p a r t i c u l a r l y  on the b e a u t i f u l  sun- 

se t s .  Using a 35m camera and color fiLx both Astroneuts Glenn and 

Carpenter took sunset photographs. (Figure 1) Cn the  -oasis or-‘ these 

photographs, YT. Cmeron, e t .  ax., (1.953) coxients t h z t  “ the  fla-t ten- 

lng effect  of r e f r ac t ion  on c s e t t i n g  c e l e s t i n l  object as  seen above 

the atrosphere.. .has been dexonstreted by d i r e c t  (v!.siinl m d  phot.0- 

graphic) observations on the 1,~.-6 and i4-7 flity;itS.” 

precise t i n e s  fo r  the astr0nau.t photographs preclude zn exact COY- 

parison ol” theory and observation, but a rersoiisble sir.ula.tion O f  t he  

observational data vas achieved b;- coKputation Fror. r e f r a c t  i o n  theory . 

The lac!< of 

In earl:. DeceEber, 1961, p r i o r  t o  John Glenn’s i’A-6 ?‘“1FL:ht, 3-k  

284 



was suggested t h a t  an observer i n  a space capsule might see t h e  air- 

glow layer  above the  earth. Since the  green oxygen l i n e  at 5577 vas 
known t o  be an important const i tuent  of t h e  airglow, it was suggested 

t h a t  a narrow pass band f i l ter  centered on t h i s  wavelength might i m -  

prove t h e  as t ronaut ' s  view of t h e  airglow layer .  

f i l t e r  was quickly fabr ica ted  and made ready f o r  Glenn's f l i g h t .  

No s a t i s f a c t o r y  observations could be made with it, however, s ince 

Glenn found t h a t  he was not su f f i c i en t ly  dark-adapted (Glenn, 1962). 

Three months later t h e  f i l t e r  was  again carr ied on MA-7. 
did manage t o  become sufl f ic ient ly  dark-adapted t o  observe with the  

green f i l t e r  as wel l  as t o  make naked-eye estimates of t he  airglow, 

Later comparing Carpenter 's  measurements with t h e i r  own rocket ob- 

servat ions,  a group of Naval Research s c i e n t i s t s  found remarkable 

agreement i n  the  measurements of d i p  angle and luminance (Kooman, 

et .  al., 1963). During the  last Mercury f l i g h t ,  MA-9 (May 15-16, 
1963), Cooper obtained a series of color  photographs for t h e  Uni- 

v e r s i t y  of Minnesota dim sky photography experiment. 

angle robot camera was used i n  order to obtain measurements of b r igh t -  

ness and geometry of t h e  airglow. Nine exposures ranging from t e n  

seconds t o  two minutes were used t o  determine the  height and width 

of t h e  airglow, giving a height between 77 and 111 kilometers,  and 

a width of 24f 3 kilometers. 

performed on the  two-minute exposure (Figure 2) and the  r e s u l t s  

supported earlier work by the  NRL group (Kooman, e t .  al., 1963) 
t h a t  t h e  green color of t he  airglow a r i s e s  more from the  continuum 

than  t h e  

Carpenter 's  v i sua l  observations t h a t  t he  airglow seen with t h e  narrow- 

band f i l t e r  had the  same i n t e n s i t y  as seen with t h e  naked eye 

( G i l l e t t ,  Huch, Ney, 1964). 

GEMINI PROGRAM 

0 

A 1OA band width 

Carpenter 

An f / l ,  wide 

I n  addition, color  densitometry was 

5577 l i n e ,  i n  a r a t i o  of 4 t o  1. This d i f f e red  from 

More dim sky photography i s  planned by the  University of Minne- 

s o t a  for t h e  Gemini f l i g h t s  with two object ives  i n  mind: 

ob ta in  more d a t a  on the  airglow t o  explain var ia t ions  i n  t h e  height 

of t h e  layer--whether l a t i t u d e ,  time, or  geographical pos i t ion ,  and 

1) t o  



Fig. 1 A view of the horizon photographed by 
Astronaut M. Sco t t  Carpenter while i n  
o r b i t .  The sun i s  j u s t  below the ho r i -  
zon. 

Fig. 2 Blue e a r t h  and green airglow l a y e r  
(smeared by capsule  motion) photo- 
graphed by Astronaut  Gordon Cooper 
from MA-9 f o r  t h e  Univers i ty  of 
Minnesota d i m  l i g h t  photography ex- 
per  imen t . 
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2)  t o  obtain photographs of t he  Zodizca.1 l i g h t  :lPF.r t ke  sun. 

Gemini, Koornan of IfRL has a l s o  planned airg1or.r korizon n1iotog:rqhy 

vhich vi11 use high speed black and ?.:kite f i lp-.  The ~:.mne5. ea r th -  

o r b i t a l  f l i g h t s  are v e l 1  su i ted  t o  air;;lo?r s tud ies .  To d-zte ex- 

perirnenes 3ave been l i rn i ted  t o  the  visuzl ,  bu t  it i s  hoped t o  ex- 

tend them t o  the  u- l t rav io le t  on A ~ o l l o  missions. 

For 

Color sjriio$ic t e r r a i n  and veather photograpky obtained durinz 

b1erciu"J on an opportunity bas i s  7.611 be continued on Geliini ax5 

Apollo Earth Orbi ta l  f l i g h t s .  Pr inc ipa l ly  these s tud ies  Pave been 

of i n t e r e s i  t o  C;eoloi;ists and rLeteorologis ts  f o r  comparison T r i t h  

t k e  coarser p ic tures  obtai  ned fron unnamed systens.  Bit  j ncreas- 

ing ly  our understanding of Tihat can be photogrqhed, or o the r r i s e  

detected,  from space coacerniiig t h e  nature of the e a r t h ' s  surface 

. r i l l  have Drof sund inp l i ca t ions  f o r  l a t e r  ana lys i s  of t h e  fea tures  

of o ther  p lane ts .  (Lovman, i n  another paper at t h i s  synposim, has 

discussed general  appl ica t ions  of high a l t i t u d e  e a r t h  photography. ) 

I n  a nmber  of Trays the  Genini s e r i e s  of f l i g h t s  T r i l l  o f f e r  a 
b e t t e r  opportunity than Mercury f o r  c c i e n t i f r c  experimentation. 

instance,  op t i ca l  qua l i ty  TrindoTrs T r i l l  be used on Gemini :Thereas 

liercury ha3 a multi-layered VJcor Trindov which resu l ted  i n  r a the r  

poor v i s i b i l i t y .  I n  addi t ion,  l imi ted  extra-vehicular a c t i v i t y  by 

t h e  as t ronauts  w i l l  make poss ib le  the  performance of a f e v  e q e r i -  

xen t s  ou ts ide  the  vehicle,  including r e t r i e v a l  of 2 xicro-meteorite 

c o l l e c t o r  and nuclear ertulsions p r i o r  t o  re-entry.  

For 

O f  p a r t i c u l a r  i n t e r e s t  t o  astronon.ers i s  t h e  opportunity afforded 

by spacef l igh t  t o  extend the  region of the spectrum ava i l zb le  f o r  

celestial s tud ies  of t he  stars, the  sun, t h e  plnnets ,  and t h e  i n t e r -  

p l ane ta ry  and i n t e r s t e l l a r  medim. 

spectrum terminates at 
and rockets  explorat ion at shor te r  vave lengths  hzs begun and t i iere 

i s  expec ta t ion  t h a t  both manned (Gemini and Apollo Zarth Orbi ta l )  

and unnamed (Orbi t ing Astronomical Observatory) o r b i t a l  n i s s i o r  

w i l l  soon gather  both synoptic a?.d spec i f ic  u l t r a v i o l e t  stel 

From t h e  ground t h e  observable 
0 

3OOOA at  t h e  high enerar  end. BOT. balloons 
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f o r  comparison ar i th  t heo re t i ca l  models. Also of grea t  i n t e r e s t ,  

and importance t o  the space program, i s  observation of the W spec- 

trum of t h e  moon and planets .  

Gemini w i l l  lead toward development of a Schmidt camera f o r  Apollo 

t o  obtain moderate dispers ion spectra  giving some de ta i led  in -  

formation on prominent u l t r a v i o l e t  features i n  t h e  spec t ra  of hot 

s t a r s .  

Use of a simple f a s t  W camera on 

APOLLO EARTH ORBITAL PROGRAM 

Unlike Gemini, extra-vehicular a c t i v i t y  i s  not planned f o r  Apollo 

Earth Orbital f l i g h t s .  

for  s c i e n t i f i c  purposes an a i r lock  located i n  a hatch i n  the  command 

nodule i s  being designed. 

can is te rs  b u i l t  t o  f i t  the  a i r lock  w i l l  operate w i t h  power and te le-  

metry connections through the  in te r face .  

accomplished on e a r l y  Apollo E 4  f l i g h t s  w i l l  include stellar u l t r a -  

v io le t  spectroscopy w i t h  a Schmidt camera, and x-ray astronomy w i t h  

a pinhole camera. 

a i r lock.  

I n  order t o  obtain access t o  the  outs ide 

Interchangeable experiments placed i n  

The experiments t o  be 

These experiments, and others ,  w i l l  employ the 

Later f l i g h t s  i n  t h e  Apollo E-O program are expected t o  continue 

u l t r av io l e t  photographic s tud ies ,  t o  pursue x-ray astronomy w i t h  a 
telescope, and to begin astronomical survey photography with a fast 

te lescopic  camera having u l t r a v i o l e t  r e f l e c t i n g  op t i c s  and equipped 

with i t s  o7.m i n e r t i a l  guidance system f o r  f i n e  point ing.  

r e l a t i v e l y  la rge  instrument w i l l  probably be loca ted  near t h e  exit  
port  of t he  lunar excursion module s ince  it w i l l  be too l a rge  f o r  

the a i r lock  system. 

astronaut t h i s  latter mode i s  considered feasible and i t  makes i t  
possible t o  p l m  f o r  l a rge r  systems than  t h e  a i r l o c k  can accommodate. 

Other e,xperirLents of as t ronoxical  i n t e r e s t  t o  f i l l  out t h e  Apollo E-O 

prop-ani vi11 include micrometeorite c o l l e c t i o n  and observat ion of 

heavy p a r t i c l e  rad ia t ions  a s  they appear inost feasible and t imely.  

Solar s tud ies  illcluding coronagraphic and far W experiments are being 

contemplated, but are s t i l l  i n  the s tudy phase. Throughout t h e  manned 

This 

Although less convenient f o r  access  by the 
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experinental  program carefu l  a t t en t ion  w i l l  be d i rec ted  tovard use 

of man i n  the  loop t o  ad jus t  equipment, a l t e r  programs, s e l ec t  

t a rge t s ,  and general ly  insure success of t h e  experinents.  

?To fo rna l  decis ion has been made at the t ine of t h i s  m i t i n e ;  
as t o  vhat  d i r ec t ion  the  na t iona l  space e f f o r t  w i l l  take beyond 

Apollo. Nzximum e f f o r t  could be concentrated i n t o  any one o r  a 

combination of t h ree  areas; 1) Extended programs i n  earth o r b i t  

leading toward an o r b i t a l  space s t a t ion ,  2) Extended lunar  surface 

explorat ion and explo i ta t ion  leading tovard a permanent base, o r  
3) Extended planetary explorat ion,  espec ia l ly  of Mars, 

ea r th  o r b i t a l ,  lunar  o r b i t a l ,  o r  i n i t i a l  lunar  surface operations 

the  Apollo spacecraf t  has very broad po ten t i a l  a p p l i c a b i l i t y  which 

goes vel1 beyond i ts  prir;lary mission of a quick round t r i p  t o  the 

lunar  surface.  I n  pa r t i cu la r ,  i n  ea r th  o r b i t  t h e  vehicle  i s  the  

l o g i c a l  first s tage i n  development of an o r b i t a l  laboratory,  and 

NASA i s  riaking extensive s tudies  i n  t h i s  area. The t o t a l  p i c tu re  

of Apollo zpp l i cab i l i t y  i n  ea r th  o r b i t ,  lunar o r b i t ,  and i n i t i a l  

lunar  surface operations i s  present ly  re fer red  t o  as the  Apollo 

Experimental Support Prograrn o r  AES, and i s  associated with the  

1968-1972 t i n e  period. 

I n  any 

The Apollo E-O program represents  t h e  developmental phase of 

t he  Apollo spacecraf t  i n  earth o rb i t .  During t h i s  phase preparat ion 

for  t h e  lunar  rr,ission i s  priinary and any s c i e n t i f i c  experimentation 

nus t  i n  no vay de te r  from t h i s .  Veight, space, and time f o r  ex- 

periments i s  very l i n i t e d .  

i n  o r b i t ,  hovever, t he  p i c tu re  changes very grea t ly .  S c i e n t i f i c  

program become one of the  pr inary  reasons f o r  extended o r b i t a l  

missions,  and naxirtium e f f o r t  can be expected t o  modify and adapt 

t h e  Apollo vehicle f o r  such purposes. 

i n  t h e  comand nodule; some AES experirients vi11 conbinue t o  be 

ca r r i ed  i n  t h e  connand nodule very much as i n  Apollo E-O. Tfle ser- 

v i ce  module nay be modified by re loca t ion  of cmponents t o  free one 

Once the  Apollo vehicle  i s  proven out 

No major change i s  probable 
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longi tudinal  sector  and provide an appreciable volume f o r  housing 

of experiments. The most exci t ing p o s s i b i l i t i e s ,  however, involve 

u t i l i z a t i o n  or  replacement of the lunar excursion module vhich i s  

obviously not necessary i n  purely o r b i t a l  operations. 

modification u t i l i z e s  the Ll3M ascent stage as a laboratory and r e -  

moves t h e  descent stage t o  permit s c i e n t i f i c  payload instead. For 

optimum capab i l i t y  the LEM 
s t ruc tu re .  Several thousand pounds of s c i e n t i f i c  payload can be 

orbited by the Saturn Ib.  The Saturn V can o r b i t  i n  excess of 
100 , 000 pounds . 

The simplest 

i s  replaced by a spec ia l  laboratory 

The primary environmental f a c t o r s  which astronomical space 

missions a r e  able  t o  exploi t  t o  advantage are th ree  i n  number. 

F i r s t ,  atmospheric ex t inc t ion  i s  e s s e n t i a l l y  eliminated which opens 

up spec t r a l  regions inaccessible through the  atmosphere. This is  

especial ly  important i n  the  u l t r a v i o l e t ,  x-ray, and y -ray port ions 

of t h e  spectrum. Exploration i n  the  u l t r a v i o l e t  i s  the prime 

objective of a l l  t he  i n i t i a l  major OAO experiments, and w i l l  be 

a very important p a r t  of any manned program. 
cation of t h e  AES vehicles involves carrying i n t o  o r b i t  an OAO 

type of instrument package, i n i t i a l i z i n g  it and perhaps using it 
d i r e c t l y  f o r  a while, then s e t t i n g  it free i n  unmanned operation. 

Occasional servicing and change of film or  other  packages would 

be possible by redocking. Continuous real t i m e  operation would 

also be possible.  

s tudies  i s  a good p o s s i b i l i t y  within the  AES program. 

and i n i t i a l  instrumental assembly would be important r o l e s  f o r  man. 

For infrared s tud ie s  outside the  atmosphere blanketing, manned 

systems are very a t t r a c t i v e ,  and important I R  vork w i l l  no doubt 

be included i n  the AES program, Only on a manned system can one 

hope t o  e f f e c t i v e l y  manipulate t h e  cryogenic f l u i d s  required f o r  

operation of I R  detectors .  

ear th  o r b i t ,  but i t  does not have major advantages. 

s t i l l  within the  ionosphere and i s  subject  t o  uncontrolled r a d i a t i o n  

of a l l  types a r i s i n g  from the  ea r th .  

One possible  app l i -  

A mission aimed s p e c i f i c a l l y  at x-ray and Y -ray 
Maintenance 

Some r a d i o  astronomy i s  poss ib l e  i n  low 

The o r b i t  is  

Major astronomy ventures 
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would not seem too  l i k e l y  i n  the MS program. 

The second major advantage i n  t h e  space environment i s  t h e  

e l iminat ion of image degradation by the  atmosphere, 

of t h i s  high reso lu t ion  capabi l i ty  has trro important aspects .  

first relates t o  extended surfaces,  and the second t o  unresolved 

point  sources. High reso lu t ion  so lar  studies are a prime example 

of the  former and w i l l  no doubt provide one o r  more major AES 

missions. Both high reso lu t ion  heliograph and coronagraph i n s t r u -  

mentation w i l l  be required t o  study detail on t h e  surface, limb, 

and i n t o  the  corona. Some rad io  equipment would probably be 

des i rab le  on a so la r  mission. 

t i v i s t i c  theory 1.roi-ild he appropriate  t o  an AES solar mission. 

are t h e  measurement of de f l ec t ion  of Light i n  the  so la r  g rav i t a t iona l  

f i e l d ,  and ca l ib ra t ion  of t h e  s o l a r  e l l i p t i c i t y  t o  high prec is ion  

t o  cor rec t  t h e  determination of t h e  advance i n  the per ihe l ion  of 

Mercury. A sun-synchronous near-polar o rb i t  would give a solar 
or ien ted  mission i t s  maximum effect iveness ,  although a Saturn V 

would be required t o  achieve t h i s  o r b i t .  

Exploi ta t ion 

The 

lpwo so la r  experiments t o  test  rela- 

These 

The AES program has  t he  capab i l i t y  of placing i n  o r b i t  a long 
focus r e f l e c t i n g  te lescope of appreciable aper ture ,  40 t o  60 inches,  

f o r  general  non-solar high reso lu t ion  s t u d i e s .  

f ract ion-l imited te lescope ca2 resolve d e t a i l  t o  the  Rayleigh l i m i t  

of 0.07 a r c  seconds at 
g r e a t e r  than  normally poss ib le  working through t h e  atmosphere. 

The app l i ca t ion  t o  detai led s tudies  of planetary surfaces  i s  ob- 

vious. 

t e n t i a l  of a space telescope it must have a rather long e f f e c t i v e  

f o c a l  length t o  match t h e  resolving power of  t he  te lescope and 

rece iver .  

e f f e c t i v e  foca l  length  whi le  r e t a in ing  a compact mechanical design 

i s  the  Cassegrain type. The f i e l d  of view i s  qui te  restricted, 

so f o r  wide f i e l d  survey vork a separate te lescope o r  an a l t e r n a t i v e  

o p t i c a l  configuration i s  required.  

A 60 inch d i f -  

4000A. This i s  a f u l l  order of magnitude 

I n  order t o  e f f ec t ive ly  u t i l i z e  the  high reso lu t ion  po- 

The op t i ca l  configuration appropriate t o  give a long 
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A very f e w  nearby g i an t  s t a r s  may produce a s l i g h t  enlargenent 

of t he  Airy d i f f r ac t ion  d isc .  

point sources. 

determined by seeing and i s  r a r e l y  less than about one a r c  second. 

(See Figure 3).  
col lected photons i n  roughly 1/100 the  angular ,area. The s igna l  
t o  noise (sky background) r a t i o  i n  the  area of the  star image i s  

ra i sed  by 100 which means we can i n  p r inc ipa l  de tec t  s t a r s  a f u l l  

f i v e  magnitudes f a i n t e r  than from the  ea r th  w i t h  the same instrument. 
Because of t he  f i n i t e  resolving power of photographic films t h i s  

gain i s  not simple t o  achieve, but it - can be achieved i f  s u f f i c i e n t  

t i m e  is allowed. 

t o  roughly magnitude 26 or  27. 
of stellar populations i n  ex terna l  galaxies ,  ca l ib ra t ion  of t h e  

cosmological dis tance scale ,  and many o ther  p-oblems are obvious. 

The g rea t ly  increased resolving, power i n  space instruments a l s o  

opens vast  opportuni t ies  f o r  de ta i led  s tudies  i n  very crowded f i e l d s  

such as i n  compact c lus t e r s ,  the  g a l a c t i c  nucleus, and ex te rna l  

galaxies  where the  images simply merge together  vhen seen from 

the  e a r t h ' s  surface.  

can a l s o  be studied very e f fec t ive ly .  

With t h i s  exception the  stars are 

From within the  atmosphere stellar image s i z e  i s  

The space telescope therefore  concentrates t he  

A 60-inch te lescope can therefore  work i n  p r inc ip l e  

"he implications i n  terms of s tud ies  

Multiple s t a r  systems of  very small separat ion 

The th i rd  primary space environment advantage f o r  astronomy i s  

Even reduction of the  sky brightness  by working above t h e  a i rg lov .  

more s ign i f i can t  i s  the  grea t  increase i n  the  s t a b i l i t y  of t h e  sky 

brightness at any point .  

a f ac to r  of 2) vi11 permit wide  f i e l d  photography t o  a f a i n t e r  

surface br ightness  vhich w i l l  be important i n  morphological study 

of galaxies  and nebulae. 

ing the  prec is ion  of measurement i n  pho toe lec t r i c  de tec t ion .  

binat ion of high reso lu t ion  with sky br ightness  reduct ion and 

s t a b i l i t y  w i l l  permit vide-band photometry t o  f a i n t  l i m i t s  wel l  be- 

yond anything possible  from ea r th .  

i n s t a b i l i t i e s  of ten ths  or  hundredths of a percent  cnn be detected 

vhereizs from ea r th  no e f f e c t s  below one percent  can be t rus t ed .  

The general  br ightness  reduct ion (roughly 

The s t a b i l i t y  i s  fundamental t o  increas-  
COT- 

For b r igh t  Stars lun?fnOSity 
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Fig .  3 A very much enlarged p i c tu re  of the cen te r  
of a star c l u s t e r  i n  the  Small Magellanic 
Cloud obtained with the 74-inch Mount Stromlo 
Observatory telescope (Canberra, Aus t r a l i a )  
operat ing i n  a 45-inch F/8 configurat ion.  
The n a t u r a l  d i f f r a c t i o n  image f o r  such a 
te lescope i s  shown by the  spot  a t  the upper 
l e f t .  Atmospheric degradation of the images 
produces the observed 2-3 a rc  second images. 
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The primary l imi t ing  f a c t o r s  f o r  a high resolut ion space t e l e -  

scope T a r i l l  be control  of them.a,l d i s t o r t i o n s  and control  of l i g h t  

s ca t t e r ing .  To achieve the ult irrate i n  f a i n t  work and resolut ion 

these f a c t o r s  must be p rec i se ly  controlled.  It seems doubtful 

t h a t  s u f f i c i e n t  control  w i l l  be possible  t o  permit a telescope t o  

reach i t s  ult imate l i m i t s ,  but a great  increase over ea r th  capa- 

b i l i t y  can come from nearly any system. 

capab i l i t y  experiments w i t h  high r e so lu t ion  telescopes may have 

t o  await development of a lunar base operation. 

Some of the ult imate 

The type of men selected t o  operate AES instrumentetion i n  

space w i l l  g r ea t ly  influence the effect iveness  of s c i e n t i f i c  

programing. 
reason t o  believe t h a t  highly qual i f ied s c i e n t i s t s  vi11 be u t i l i z e d  

i n  t h e  AES program t o  maximize the r e tu rn .  

The present NASA a s t ronau t - sc i en t i s t  program Gives 

The AES program can serve seve ra l  very bas i c  purposes i n  l ay -  
ing groundwork f o r  longer range programs (such as t h e  l a rge  manned 

o r b i t a l  telescope (MOT) and lunar  base programs) as vel1 a s  pro- 

ducing fundanental advances i n  terms of d i r e c t  s c i e n t i f i c  d a t a  

re turns .  

ways t o  u t i l i z e  man, develop the most e f f e c t i v e  techniques f o r  

d a t a  co l l ec t ion  and analysis ,  and explore the tries of programs 

most s ign i f i can t  f o r  space operations.  

t o  underestimate the importance of the AES program. 

The program can determine i n  depth t h e  most e f f e c t i v e  

It would be d i f f i c u l t  

LARGE MANNED ORBITAL TEXXSCOPES 

V i t h  t he  eventual establishment of Large manned s t a t i o n s  i n  
space having g rea t ly  extended l i fe t ime t h e  vhole complexion of 

s c i e n t i f i c  programs i n  space w i l l  change. 

Astronaut-Technicians and Astronaut -Sc ien t i s t s  i n  t h e  crew of such 

s t a t ions  w i l l  permit i n  s i t u  p a r t i c i p a t i o n  i n  t h e  s c i e n t i f i c  program 

with a l l  the advantages of rapid modif icat ion and repro&raJiming of 

experiments and observations. 

The inc lus ion  of 

Clearly, t h i s  capab i l i t y  w i l l  r evo lu t ion ize  observat ional  as- 
tronomy outside t h e  atmosphere; t h e  establishment O f  a l a r g e  as - 
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tronomical te lescope as p a r t  of a manned observatory i n  o r b i t  about 

t he  Ear th  would have unique capab i l i t i e s  not a t t a inab le  by ground- 

based equipment nor by unmanned o rb i t i ng  observatories such as OAO. 
Indeed f o r  t he  f i r s t  t i m e  it would be possible  t o  combine much of 

t he  operat ional  f l e x i b i l i t y  of la rge  ground based telescopes,  such 
as the  200" M t .  Palomar Telescope, with the seeing conditions en- 

joyed by space telescopes such as  Stratoscope and OAO. 

With the  improvements i n  reso lu t ion ,  co l l ec t ing  power and wave- 

length range t h a t  a t tend such a system the whole subject  of obser- 

va t iona l  astronomy i s  given new dimensions. Lyman Spi tzer ,  Jr. (1962) 
and others  have discussed previously t h e  many new observations t h a t  

could be made and the  possible  impact of these observations on our 

understanding of the  universe. The telescope must be capable of 

making Planetary,  S t e l l a r  and Extragalact ic  observations using 

photographic, photometric, and spectroscopic techniques and these 

requirements w i l l  determine, t o  a l a rge  extent ,  t h e  te lescope design. 

Moreover, i n  order t o  explo i t  t he  capab i l i t i e s  of a l a rge  

o r b i t a l  telescope, t he  system must be designed t o  operate  near t he  

d i f f r a c t i o n  l i m i t ,  it must be capable of var iab le  f o c a l  length,  and 

it must observe over as much of t he  spectrum as possible .  

requirements place great  demands on t h e  technology espec ia l ly  i n  the  

areas of la rge  opt ics ,  pointing and control,  and thermal control ;  

moreover considering the  need f o r  v e r s a t i l i t y  and the  capabi l i ty  

of varying t h e  o p t i c a l  configuration t o  ca t e r  t o  various kinds of 

observat ional  programs, it i s  c l ea r  t h a t  human pa r t i c ipa t ion  i s  

required i n  the  operation of the  system. 

These 

Thus t h e  fol loving important questions a r i s e  when the  f e a s i b i l i t y  

of t h e  l a rge  manned o r b t i a l  te lescope i s  considered. 

technological  advances are necessary t o  support such a system?: 

secondly, vhat i s  the  usefu l  r o l e  of man i n  the  operation of t he  

system? 

Telescope (Langley Research Center Study, 1.964-1965) have been 

i n i t i a t e d  by NASA t o  answer these questions and it i s  e q e c t e d  t h a t  

F i r s t l y ,  what 

I n  recent months s tud ies  of a 120" aperture  14anned Orbital 
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a much c l ea re r  p i c tu re  of t h e  real design problems w i l l  emerge by 

the end of t h i s  year (1.965). 
only i n  t h e  broadest terms. 

For the  present,  they can be discussed 

Figure 4 shows a conceptual design of t he  l a rge  telescope under 

study. 

by a l a rge  r e f l e c t i n g  op t i c s  i n  conjunction wi th  sub-diameter re- 

placeable transmission op t i c s .  

the pr inary mirror and i s  accessible  t o  the occupant of the te le-  

scope cabin. The vliole system i s  shown i n  the  f igu re  i n  a docked 

pos i t i on  allo%ring passage of nen and equipment t o  the telescope 

cabin from the s t a t ion .  A space s t a t i o n  having extended l i fe t ime 

with resupply czpab i l i t y  i s  envisioned (see f o r  example Langley 

Research Center Study, 1964). 

It i s  a Cassegrain system of short  f o c a l  length characterized 

Sensing equipment i s  placed behind 

Technological Problems 

Looking f i r s t  a t  the  technological problems, perhaps t h e  most 

formidz’c1.e i s  t h a t  of fabr icat i i ig  and maintaining the  l a r g e  primary 

mirror t o  the  required tolerances,  t h a t  i s ,  t o  approximately 1/10 

of the wavelength of the l i g h t  t o  be received. 

Tlie choice of mater ia ls  f o r  t he  mirror  i s  p a r t i c u l a r l y  important 

s i g n i f i c a n t  thermal since t h i s  determines i t s  dimensional s t a b i l i t y :  

d i s to r t ions  can r e s u l t  from very s m a l l  amounts of extraneous hea t -  

ing and both high thermal conductivity and low thermal expansion 

are required. 

i s  m i t t e n :  

The condition t h a t  neg l ig ib l e  d i s t o r t i o n  t akes  place 

w t2  << 1 
k h  

(vhere q i s  the  extraneous heat ing r a t e / u n i t  area dc t h e  thermal 

expansion coeff ic ient ,  t the mirror  thickness ,  k t h e  thermal con- 

duct i v i t y )  . 
Metal mirrors  such as beryll ium o r  aluminm have been considered 

i n  view of t h e i r  high thermal conductivity.  

progress has been made i n  producing g l a s s  having t h e  property Of 

Recently, however, 
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e s s e n t i a l l y  zero thermal expansion over a v ide  temperature range 
with t h e  r e s u l t  that glass(and quartz)  nust  be re ta ined  as poss ib le  

candidates. 

It i s  seen from t h e  form of the  thermal d i s t o r t i o n  parameter 

t h a t  t h e  mirror  thickness  should be nade as s n a l l  as possible .  I n  

t h i s  regard the  f a c t  t h a t  t he  mirror i s  t o  be w e d  i n  o r b i t  ( i . e . ,  

i n  a weightless condition) a l l e v i a t e s  the s t r u c t u r a l  design problem 

and allows t h e  mirror  thickness t o  be appreciably less than  t h a t  

f o r  a ground based te lescope of comparable s i z e ,  

would r equ i r e  a ca re fu l ly  designed support systen f o r  use during 

f ab r i ca t ion ,  t ranspor ta t ion  and launch. 

Such a t h i n  mirror 

The o ther  important question t h a t  arises i n  the mirror  design 

relates t o  i t s  foca l  length: from t h e  point  of v iev  of requi r ing  

a compact ove ra l l  configurat ion f o r  ease of launch a shor t  f o c a l  

length  i s  desirable - say F/2, but  the d i f f i c u l t i e s  i n  forming 

the  mirror  blank tends t o  increase v i t h  decreasing foca l  length.  

The a l t e r n a t i v e  would be t o  use a configuration of longer f o c a l  

length - say F/h - but  i n  t h i s  case the  ove ra l l  configurat ion be- 

comes too  long t o  be launched e a s i l y  and vould requi re  a collarpsible 

s t ruc tu re .  

problem of keeping t h e  secondary m-irror i n  proper alignment. 

This l a t te r  arrangement, however, would compound t h e  

When t h e  te lescqe i s  i n  an operating condi t ion i n  o r b i t  it 
must be pointed within angular tolerances l e s s  than the  te lescope 

angular r e so lu t ion  t o  take advantage of the d i f f r a c t i o n  l i m i t e d  

design ( . O 3  secs  a r c  f o r  a 120” telescope) and t h e  f i n e  a t t i t u d e  

con t ro l  systen must po in t  t he  systen r i t h i n D 1  secs  arc .  

This requirement raises the  question of hov t o  sense an angular 

e r r o r  vhose magnitude i s  less than t h e  resolving capab i l i t y  of t h e  

te lescope .  

scope i t se l f  t o  supply the  guidance sensors with l i g h t  f ron  t h e  

viewed objec t  on an i n t e r n i t t e n t  bas i s .  Even here,--it vou.ld be 

necessary t o  s p l i t  t he  Airy d i s c  image ( f o r  a poin t  source) and 

balance the  i n t e n s i t y  of the  halves i n  order t o  resolve an angular 

dimension less than the diffractLon l i n i t .  

One p o s s i b i l i t y  under consideration i s  t o  use t h e  tele- 



A f u r t h e r  possible  source of d i f f i c u l t y  presents  i t s e l f  vhen 

t h e  dynamical i n t e rac t ion  betveen the  a t t i t u d e  control  system and 

the  mirror and telescope s t r u c t u r e  i s  considered. Clearly care 

must be taken i n  the design t o  ensure t h a t  t h e  na tu ra l  frequencies 

of the s t ruc tu re  a r e  s u f f i c i e n t l y  d i f f e ren t  from the control  cycle 

frequencies t h a t  resonance i s  eliminated. 

The f ab r i ca t ion  of a 120" aperture  d i f f r a c t i o n  l imited telescope 

With  appropriate pointing control  i s  not completely within t h e  

s t a t e  of the art a t  the present time. However, a 120" telescope 

i s  l a rge r ,  only by a f a c t o r  of 3, than ex i s t ing  d i f f r a c t i o n  l imited 

space telescopes (i.e., Stratoscope and OAO) and work on l a r g e r  

mirrors,  such as the  150" diameter mirror r ecen t ly  acquired by K i t t  

Peak Observatory, i s  already i n  progress.  With the  proper emphasis 

on the more s ign i f i can t  problems it should be poss ib l e  t o  extend 

the  technology so tha t  telescopes as l a rge  as 120" t o  1.50" aperture  

will be a t t a inab le  v i t h i n  the next f ev  years.  

Operational Problems and Role of Man 

The whole question of the mode of operation of a l a r g e  telescope 

i n  space i s  one that requires  a Great dea l  of thought. I n  par-  

t i c u l a r  t h e  functions of t he  Astronaut-Technician and the Astronaut- 

S c i e n t i s t  i n  makin& the telescope more r e l i a b l e  and more v e r s a t i l e  

must be defined i n  such a vay t h a t  t he  performance of t he  te lescope 

i s  not compromised i n  any Tray ky t h e i r  presence. 

Ran plays i n  the system w i l l  a f f e c t  design philosophy and h a s  to be 

taken i n t o  account from the very f i r s t .  

unmanned systems are generally character ized by the requirement fo r  
extremely high r e l i a b i l i t y  and t h i s  i s  achieved i n  p a r t  by s u f f i c i e n t  

redundancy t o  allow f o r  conponent failure. Such redundancy, f o r  

large v e r s a t i l e  s y s t e m  vi11 r e s u l t  i n  add i t iona l  complexity, 

hovever, and t h i s  i n  t u r n  reduces the  o v e r a l l  r e l i a b i l i t y .  

The r o l e  t h a t  

The present  generation of 

!Jith t h e  inclusion of a nan i n  t h e  system, capable of perforrx- 

ing ad justnent ,  maintenance and r e p s i r  functions the system can 

be made l e s s  redundant and muck less complex. There remain ?:lnny 
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operations t h a t  are best zutor;:ated, of course, and one of the  f i r s t  

needs i s  t o  detem.,ine t h e  most appropriate d i spos i t i on  of vork f m c -  

t i ons  betveen nan and the  automatic equiprrent. 

Tkny of the  functions t h a t  nail can best  perform are read iP j  

enwerated:  one of t he  most important i s  t h a t  of re-al igning the  

op t i ca l  systen after t h e  te lescope i s  placed i n  o r b i t ,  and after 

each nodi f ica t ion  of t he  o p t i c a l  system. 

periods -the Astronaut-Scientist  arould be used t o  advantage i n  

aoni tor ing  t h e  r e s u l t s  and i f  necessary changing the  observat ional  

progrm t o  obtain add i t iona l  measurements as required.  The re- 
covery and r e t u r n  t o  Earth of photographic plates and f i lm  i s  a l s o  

most e a s i l y  carr ied out by t he  Astronaut. 

During observat ional  

The ease -.-ith vhich these funct ions can be performed depends 

i n  l a r g e  neasure on the  nanner i n  vhich the  te lescope i s  associated 

v i t h  the space s t a t ion .  Three bas ic  nodes of operat ion (and va r i a -  

t i o n  i r i th in  these  v-odes) a r e  present ly  under study, and are 

i l l u s t r a t e d  i n  f igu re  5. 

I n  the 'a t tached '  rode a s o f t  docking of the te lescope vi- th  

t he  space s t a t i o n  i s  37zde and the rea f t e r  the tvo  remain perrianeiitly 

rmted. Here the  te lescope i s  r ead i ly  accessiSle t o  the  s t a t i o n  

crev Tiho can pass i n t o  the  telescope cabin through an  a i r lock:  

hovever, i n  order t o  point  the telescope v l t h  t h e  required accuracy, 

a c t i v i t y  v i t h i n  the  s t a t i o n  vould be severely r e s t r i c t e d  and the  

ind ica t ions  are t h a t  even t h e  disturbance caused by a man raising 

liis could a f f ec t  s ign i f i can t ly  t h e  f i n e  a t t i t u d e  control .  

I n  the  other  extrene,  t h e  'separate '  mode a l lovs  t h e  telescope 

and t h e  s t a t i o n  t o  be operated independently at a l l  t h e s ,  i r i t h  

t h e  advantage of no e f f ec t  of s t a t i o n  distur3ances on te lescope 

perfomance.  

rient t h a t  t he  s t a t i o n  crev leave the  s t a t ion  elid perfom- a l l  t e l e -  

scope-related functions i n  space s u i t s .  A poss ib le  comproaise node - 
a 'doclrable r?odet - i s  t h a t  i n  7,rliich t h e  s t a t i o n  aad te lescope are 

operated separa te ly  during per iods of observztion -out a r e  docked 

i n  such a i:ay as t o  alloT1 easy access for per iods of naintennnce, 

I n  t h i s  node the  disadvantage a r i s e s  fro? the reqii ire- 



TELESCOPE- TYPICAL CONFIGURATION 

[-FOLDING MIRROR 

1 PRIMARY MIRROR 

TELESCOPE CABIN 
DOCKING 
MECHANISM 

MIRROR 

Fig. 4 A t y p i c a l  t e lescope  conf igu ra t ion  under 
cons ide ra t ion  f o r  a l a r g e  manned o r b i t a l  
t e lescope  (MOT). 

MOT OPERATIONAL MODES 

(a) ATTACHED 

\/ACCESSIBLE 

X POSS I BLE CUNTROL 
PROBLEM 

(b) DOCKABLE 

POSS I BLE 
COMPROMISE 

(c) SEPARATED 

\/ INDEPENDENT 
OPERATI ON 

x CONSIDERABLE 
SPACE-SU IT  WORK 

Fig.  5 A l t e r n a t i v e  modes of o p e r a t i o n  f o r  a 
manned o r b i t a l  t e l e scope .  
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pr0gra.a rnodif ica t ion ,  f i l m  recovery, e t c .  

Additional a l t e r n a t e  modes t h a t  f8ll betveen the  extremes 

i l l u s t r s t e d  here are a l s o  being considered (for example, loose ly  

gimballed znd te thered modes) and t h e  advzntaees and disadvzntages 

of each are being considered i n  a r r iv ing  a t  p refer red  nodes. 

It i s  c l ea r  t h a t  t he  design and t h e  node of operat ion cannot 

be considered independently s ince the  pa r t i cu la r  funct ions which 

the  man i s  t o  perform i n  t h e  system w i l l  influence t h e  design ( f o r  

example, the  a c c e s s i b i l i t y  of sub-system and components becomes 

much more important than f o r  an unmanned te lescope) .  

It would be prerrature t o  say t h a t  a system such as the  one 

described here  can be developed today but it i s  mt too soon t o  

promote t h e  required technology and t o  plan f o r  such observations 

i n  the  near future .  

t o  science and technology, rrould more than j u s t i f y  t h e  e f f o r t .  

The contr ibut ion of t h i s  undertaking, both 
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